INTRODUCTION
Lensing statistics gives a method of testing the cosmological constant at intermediate redshifts|at low and high redshifts the possibilities for measuring 0 are limited and even at intermediate redshifts 0 often cancels out in observable relations|using well-understood lensing theory and standard astrophysical assumptions.
It has recently been suggested by many authors (see, for example, Fukugita et al. 1 and references therein) that gravitational lensing statistics can provide a means of distinguishing between dierent cosmological models, most eectively concerning the value of the cosmological constant. Kochanek 2 has suggested a method based not on the total number of lens systems but rather on the redshift distribution of known lens systems characterised by observables such as redshift and image separation. Looking at a few dierent models, he concludes that at, -dominated models are ve to ten times less probable than more`standard' models. The advantage of this method is that it is not plagued by normalisation diculties as are most schemes involving the total number of lenses.
Since Kochanek was apparently able to get some interesting results using statistics based on only four gravitational lens systems, I wanted to exlpore this more thoroughly by looking at not just a few but all models characterised by 0 and 0 as well as varying degrees of homogeneity. I also looked at selection eects and did some simulations to get a handle on what the results mean.
THEORY
I make the`standard assumptions' that the Universe can be described by the Robertson-Walker metric and that lens galaxies can be modelled as non-evolving singular isothermal spheres (SIS). This leads an equation for the relative dierential optical depth for a discussion of this parameter.) One can see basically that areas of equal probability occur in some fashion which is not stochastic. Although there are only a few discreet values for the probability as dened in Eq. (4), nevertheless one sees a degeneracy|there is a wide range of cosmological models for a given probability. Plot c shows the result of neglecting the observational bias, e.g. assuming that the lens could have its redshift measured whatever this redshift were. As a comparison with plot b shows, this leads to a bias against models with a high median expected lens redshift|those near the de Sitter model.
For comparison, I have also tested the method on the systems used by Kochanek, , conrming his result that at, -dominated models are 5{10 times less probable than standard ones. (However, taking m lim into account and/or using only directly measured lens redshifts would produce quite dierent results, as discussed above.) This plot articially indicates a low probability for models near the de Sitter model for the same reasons as those discussed in connection with plot c.
NUMERICAL SIMULATIONS
For the numerical simulations, the observables 00 (the radius of the Einstein ring or half the image separation corresponding to the diameter of the Einstein ring), z s and galaxy type were chosen randomly from an interval roughly corresponding to the observed range of values in order to produce synthetic data comparable to real observations. For a given cosmological model, the corresponding lens redshift z l for each system was calculated from the observables and a randomly generated f through (numerical) inversion of Eq. (3). This catalog was then used to determine a relative probability for each of the points in the 0 -0 plane in the same manner as for the real systems.
The Kolmogorov-Smirnov (K-S) test is of course a well understood method for testing if two distributions are statistically signicantly dierent. (See, e.g., Press et.al. 6 for a general discussion and denition of the K-S probability.) However, this test can only be used for distributions with more than 20 data points. Therefore I plot in Fig. 1 in plots b , c, and d the probability given by Eq. (4) and in plot e the K-S probability.
I have done simulations for a variety of world models and also for numbers of systems between 20 and 50. In the interest of brevity, I present only one plot. Plot
